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provide an excellent discussion on the use of microsimulation models as a tool for analyzing policy reforms and their impact on the redistribution and poverty. Their paper also points out the limits and hints at future research directions in this field. One of the directions they mentioned was that of combining microsimulation and CGE models.
In our contribution, we briefly describe the general methods of microsimulation and general equilibrium modeling. We provide a detailed presentation of the microsimulation model STSM and the computable general equilibrium model PACE-L as well as the linkage of both models. The combination and full integration of microsimulation and computable general equilibrium (CGE) models has lead into a new era of computational modeling (Davies, 2004) . At the cutting edge of economic research, the Centre of Euro-
pean Economic Research (ZEW, Mannheim) uses a combined CGE-microsimulation model
for Germany to analyze policy implications arising from different reform proposals.
Microsimulation models and computable CGE models are usually separately employed for the evaluation of policy reform proposals. The main advantage of microsimulation models lies in the micro foundation created by using individual household data. This allows the calculation of partial equilibrium labour supply effects and, from which we draw a detailed analysis of gainers and losers after a reform proposal. The main disadvantage of using a microsimulation model is that general equilibrium effects and feedback effects are neglected. This means that results are calculated under the assumption that, e.g. wages and interest rates do not change. In contrast, CGE models take these effects into account but are usually based on aggregated household types. The loss of information within the household sector makes a detailed analysis of the reform effects impossible. Therefore, the combination of microsimulation and CGE-models to combine the advantages of both types and to reduce the disadvantages of each model type is a further logical development.
All in all, the recent developments in microsimulation models for Germany are dominated The paper is organized as follows: In Section 2 the microsimulation model is illustrated, which algebraically describes the household labour supply model to consider behavioural response. We also describe the data used and the most important German tax transfer regulations. Section 3 refers to the general equilibrium modeling. A general overview is followed by the presentation of the general equilibrium model PACE-L. The linkage of the microsimulation model STSM to the general equilibrium model PACE-L is given in Section 4. Section 5 concludes and presents an outlook for further research.
Microsimulation
It was Guy Orcutt (1957) who brought microsimulation models into social sciences as a new type of modeling that is based on distributions, and therefore can be regarded as micro based. Although this was a revolutionary contribution, the employment of microsimulation models in economic analysis actually developed three decades later. The explanation can be found in the access to individual based data (e.g the German Socio
Economic Panel/GSOEP started in 1984) and in growing computing power (Harding/Gupta, 2007) .
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Microsimulation models, in particular tax-benefit microsimulation models, use a detailed representation of a tax system to simulate policy reforms. Structurally, microsimulation models are based on micro data with detailed information on socio-demographic variables (e.g. number of children in household, age, sex or education), incomes, taxes, benefits and working time of households and individuals. If the micro data are a representative sample of the population, the simulated effects also serve as forecast for the possible impact of the proposed reforms (see . There are two main branches of microsimulation models: On the one side, there are static models that do not consider behavioural response of the households/individuals after the policy changes have come into effect. These arithmetic models simulate only the so called "morning-after effects" or "first-round effects". On the other side there are models which also allow for behavioural reactions by integrating a household labour supply model. The estimated labour supply effects also establish a partial equilibrium as the labour supply side of the household sector is regarded. These so called "second round effects" can also be transferred and assessed in a following distribution and poverty analysis.
A very promising development is EUROMOD (Sutherland, 2001 (Sutherland, , 2007 which is a popular European microsimulation model covering 15 EU member states and which is continuously expanding. For Germany, in particular, Wagenhals (2004) gives an overview on the existing microsimulation models applied to the German economy, although it is not clear if all of them still exist. Peichl (2005) gives an overview on the existing branches of simulations models. In addition, he also outlines the developments in Germany. There are also further covariates that enter the utility function which controls different preferences for leisure ("observed heterogeneity") of households (i.e. age, education, number of children, regional dummy for Eastern Germany, nationality, dummy for parttime or full-time employment). The probability of a decision maker now choosing category j instead of category l is given by:
The equation is solved by making distributional assumption about the unobserved part of the utility function. In particular, it is assumed that the density for each unobserved part of the utility function is following a Gumbel or type I extreme value distribution.
5 An extension of the unitary household model would be to focus on intra-household sharing of incomes which has been done with a collective household model in Beninger/Laisney/Beblo (2007) .
As shown by McFadden (1974 McFadden ( , 2001 ) the difference of the unobserved parts has a logistic distribution. The probability of choosing category j can thus be written as in Equation
The parameters of the conditional logit model are estimated by maximum likelihood, assuming the IIA-assumption holds (See Equation 7). 
Data Basis and Selection of Households
For the empirical implementation of the STSM, a data set is needed that contains the necessary person-and household characteristics, is representative of the German population, contains a sufficient number of cases and is up-to-date. The GSOEP basically fulfils these requirements. However, there are some restrictions like the missing information about household assets, which are required to detect transfer entitlements, and the limited information on tax rebates. All in all, the GSOEP with all its advantages and disadvantages embodies the best compromise for the tax-transfer-simulation out of all the micro-datasets available today for Germany.
Income and transfers cannot be simulated for every household in the GSOEP. A selection of households is done because of various reasons. On the one hand, the simulation of hypothetical incomes for alternative employments requires information about the entitlement to unemployment benefit in the case of unemployment. This entitlement can be deduced from the employment participation during the three previous years, the information about which is contained in the GSOEP. Since the income information has ben col- For the simulation of income depending on the employment behaviour, only the first and second group (the flexible and mixed households) are relevant. For an analysis of the actual incomes without behavioural responses, the third group can also be included.
Regulations of the Tax and Benefit System
The ZEW micro simulation model calculates the disposable household income, as well as the taxes and benefits. The calculation of these outcomes is based on a very detailed representation of the German tax and transfer system, summarized very briefly below.
The net disposable household income detected in the STSM is derived from the components stated in Table 1 . The first part of the table contains the household's income; the second part lists the wage-replacement benefits and transfers; and the third part applies the deductions. The data contain the information on actual wages or salary received which, enables us to calculate the income from employment. For the simulation of different market states we estimate the hourly wage rate of each individual, which is then multiplied by the associated working time. 6 The pieces of information about the incomes from assets contained in the data are limited in several ways: Firstly, we only have information on the returns through interests and dividends, secondly, the returns on interest and dividends are not differentiated by types of investment but are rather displayed as a total amount. Thus, it is assumed that the entire revenues can be considered as earnings from assets. The information about incomes from rent and lease is rather incomplete. We either can observe income from rent or lease of moveable assets or from the surrender of rights. In the data only income from rent and lease of real property are explicitly listed. The data also show missing values to a relevant extent for the information about interest and acquittance payments, as well as for operating expenses which are associated with income from rent and lease. To avoid elimination of these cases on the one hand -and trying not to skew the data on the other hand -we replaced the missing information. Income from agriculture and forestry, from business and from self-employment are not collected separately in the GSOEP. Special regulations for these types of income in the income tax law can thus not be considered. As mentioned earlier, self-employed are excluded from the labour supply simulation. Income from self-employment is therefore only measured through the channel of supplementary income. Since it is not possible to disentangle whether supplementary income is from self-employment or employment, it is assumed to be 100% from self-employment.
Benefits
We have information on the number, the relation to the householder and the age of persons in the household. As such we can identify and model the child benefit by multiplying the number of children with the respective rate of 154 Euro (from the fourth child onwards the rate amounts 179 Euro). We restrict the availability of child benefit to children under the age of 26 and we apply the deduction rule (if the child's income exceeds 7,680
Euro per annum). On the other side there exist child tax allowances of 5,808 Euro for each child. We implement a yield test to decide whether the household benefits more from the child benefit or from child allowances. The information on the number of the children is also used to model the child-raising benefit. As there are two alternatives offered by the legislation, we assume that the standard rate is chosen. This rate amounts to 300 Euro per month. It is assumed that one person could always dedicate himself/herself to raising the child in the sense of the legislation if he or she was not employed for more than 19 hours per week or receiving unemployment benefit, assistance or child-raising benefit for a similar activity. In cases this precondition is met by persons with a child younger than 2 years, and if certain income thresholds are not exceeded, generally, an entitlement to child-raising benefit is fulfilled.
The amount of actual rent is collected in the GSOEP. Generally, it is known whether and how many heating-and hot-water costs are included within the rent, so that a rent adjusted by these components can be calculated. If the information is missing -regardless of whether or not heating-and hot-water costs are in the rent -it is assumed that they are not contained. Thus, the actually paid rent according to the Housing Benefit Law may possibly be overestimated in some cases. The potential impact of this overestimation on the simulated housing benefit is, however, already limited by the ceiling amounts of rent eligible for benefit applying for the housing-benefit calculation. In the case that the information about the actually paid rent is missing entirely, the ceiling amounts eligible for benefit are imputed. The actual amount of housing benefit results from bulky tables, which consist of three dimensions. These are the household-size, the amount of rent or encumbrance to consider, and the monthly family income. These tables are not exactly transferred into the simulation but approximated by a function for each household-size.
In the GSOEP we can also refer to the employment and unemployment spells. This information, and the questionnaire about receiving unemployment benefit, serve to identify the entitlement in Unemployment Benefit I (UB I). This benefit is income-related and the duration in UB I strongly depends on the prior employment record. It offers a replacement rate of 60% for persons without dependent children and 67% percent for others. In return, the Unemployment Benefit II (UB II) is basically a minimum income program for all households in which at least one person is considered to be a labour force participant, but with means-testing. As such we simulate the UB II entirely in our model without referring to actual transfer payments. The basic amount is 345 Euro. For each partner or adult child in the household 80% of the basic amount are considered. For example, for a couple without children the minimum income level (net of rent payments) is 621 Euro per month. There are supplementary payments for extraordinary situations (e.g. for single parents, for disabled persons, for special dietary requirements of sick persons etc.). For children, a lower monthly rate is paid. In general, the rent for "adequate housing" is also added. The Social Assistance comprises equivalent rates and is analogously simulated.
The differences to UB II are first, that within the household no labor force participant exist and second, the allowances for the means testing.
Deductions
As social security contributions we consider pension, health and employment contributions up to the upper social security contribution limit. The GSOEP does not contain detailed information about which health insurance company the person has chosen. We circumvent this information deficit by applying average rates for Germany. However, we incorporate the specific social security contribution regulations which accrue to the atypical employments like mini-job (up to 400 Euro gross monthly income) and midi-jobs (from 400 to 800 Euro gross monthly incomes). The taxes are further deducted by applying the contemporary tax-scheme. As the German tax system defines a progressive tax system, offering income splitting for married couples, we assume that married couples always choose joint income taxation.
General Equilibrium
General equilibrium models allow analyses of exogenous shocks, taking into account the whole economy rather than parts of it. These models account for all factor markets as well as markets for goods. Economic agents, such as households, firms or the government are represented through income balance equations, demand and supply functions.
The agents' decisions result from the respective optimisation problem: households choose the utility-maximising labour-leisure combination, while firms decide about the cost-minimising factor input combination. On each market, supply and demand are balanced by an adjustment of relative prices using the so-called "market clearance conditions". However, it is possible to allow for markets, which do not clear. This applies especially to the labour market, where unemployment plays an important role 7 .
Within a model that includes n markets, Walras Law states that only n-1 markets are independent from each other (see Mas-Colell et al., 1995) . This implies that if all markets except one are in equilibrium, then the last market must also be in equilibrium. Although the model represents n markets, only n-1 prices can be determined. Fixing a numeraire, the Walrasian equilibrium can be characterized by n-1 equations n-1 variables which determine relative prices rather than absolute price
Applying General Equilibrium Models
Computable (CGE) or applied general equilibrium (AGE) models combine the theoretical general equilibrium framework and statistical data to improve practical relevance. The use of these models allows for an operationalization of complex research questions, which cannot be solved analytically. Furthermore, economic results can be quantified, thus pointing out which effects dominate and which are of minor importance. Therefore, CGE models represent an important tool for analyzing and comparing potential reform scenarios ex-ante.
7 See Böhringer/Boeters/Feil (2005) for a CGE-analysis including union wage-bargaining and the effects on employment and unemployment.
Applied general equilibrium models were pioneered by Johansen (1960) who established the CGE modeling tradition, which started in the 1970s (see, e.g., Ballard et al., 1985a , Shoven/Whalley, 1984 . Currently, general equilibrium models that are solved numerically are widely used by research centers, the World Bank or the European Commission (see, e.g., Böhringer/Löschel, 2005) .
These models use data, which typically come from the national accounts. The macroeconomic data are used to build a social accounting matrix (SAM, see, e.g., Pyatt/ Round, 1985) , which comprises all economic flows of an economy for a certain period. It includes all economic agents of the general equilibrium model. According to the economic theory, an agent's sum of expenditure equals that of his/her revenues. Applying statistical data, this condition is generally not met in reality due to various reasons.
Therefore, different approaches were made to address this problem and to provide a consistent social accounting matrix, e.g. the Cross Entropy Method (Robinson/Cattaneo/El Said., 2001).
Given the consistent data base, all required parameter of the model can be calibrated (see Mansur, 1984 , for an overview of calibration). Here, one assumes that the status quo economy is in equilibrium, which is reflected by the data. Solving the model equations for the parameters to be calibrated and plugging in prices and amounts of the benchmark year yields the unknown parameters. The calibration procedure can be interpreted as a point estimation of parameters (see Böhringer/Wiegard, 2003) . Admittedly, it would be preferable to estimate these parameters using econometric methods. But this would require a lot of observations for each parameter, which are often not available. Capital is assumed to be mobile among sectors.
The PACE-L Model
One of the model's distinctive features is the incorporation of decentralized wage-bargaining in both the labour markets for low-skilled and high-skilled individuals. In each labour market, an employers' organization and a labour union are engaged in wage negotiations, which are modelled as a "right-to-manage" Nash-bargaining. We assume that the bargaining parties have rational expectations about the labour demand outcome. Furthermore, the model includes a discrete choice labour supply module that allows for the distinction between labour supply at the intensive margin and labour at the extensive margin.
The detailed formulation of the model reads as follows: for the production sectors, we assume that each individual firm is small in relation to its respective sector. All firms in one sector interact through monopolistic competition, which means that they produce To derive optimal demand for intermediate and value added inputs, we apply a nested constant-elasticity-of-substitution (CES) production structure. The inputs consist of lowskilled labour and a composite of high-skilled labour and capital (HK-aggregate). This reflects the empirical evidence that low-skilled labour is a relatively good substitute for the HK-aggregate -whereas the substitution elasticity between capital and high-skilled labour is relatively low. We assume that in each sector, an employer's association and a trade union bargain over wages following the right-to-manage approach: parties bargain over wages, and subsequently, firms decide on labour demand, taking the bargained wages as given. The bargaining outcome results from the maximisation of a Nash function. This Nash function includes both parties' objective functions and respective fallback options. The objective function of the employer is given by its profit s π , while the fallback option implies zero profits. The Nash function s Ω can be written as: V , is assumed to be exogenously given. The wage resulting from the bargaining negotiations is, in turn, used to calculate the average income in case of employment.
Given the wages for low and high-skilled workers, which result from the bargaining negotiations, firms decide about their labour demand according to their labour demand equations displayed above. The difference between labour supply and demand endogenously determines unemployment. In equilibrium, job-seekers must be indifferent between any two of the sectors.
The household sector is comprises three representative households, two worker households and one capitalist household. One representative worker household captures individual households with flexible labour supply. These individual households derive utility from leisure and consumption. To derive optimal labour supply, we use the same discrete choice model (Van Soest, 1995) as the microsimulation model. Labour supply finally determines the disposable household income which is used for consumption. In contrast, the second representative worker household includes all households, whose labour supply is assumed to be fixed. The third household is endowed with capital and property rights of the firms. Only the household mentioned last takes a consumptionsavings decision. The representation of this decision follows the approach of Ballard et al. (1985b) , where the household purchases an investment good representing a fixedcoefficient composite of all goods .
We assume identical consumption spending patterns for all three aggregate households.
Aggregate consumption C , which is equal to the sum of the consumption of the three household types, is distributed among the different consumption goods important figure for calculating profits, namely the profit per Euro of sales ratio net of taxes. The value of capital services is calculated as the difference between total capital earnings and profits. Mark-up rates result as the ratio of profits over sales. Furthermore, we apply data of the employment statistics register to divide total labour income into earnings of low-skilled and high-skilled individuals. An employee without a vocational or academic degree is treated as unskilled. We derive the tax rates applied at the aggregate level from the tax revenue statistics of the Federal Ministry of Finance (BMF, 2002) .
Furthermore, some econometric estimates are taken from publications, such as substitution elasticities for the production sectors (Falk/Koebel, 1997) . Complementary information on factor price elasticities are taken from Buslei/Steiner (1999) . Armington elasticities required for the production of the Armington goods from imports and domestically produced goods are taken from Welsch (2001) .
The data source of the household type covering individual households with flexible labour supply is the German Socio-Economic Panel (GSOEP). In contrast to other CGE models, which use aggregated household data from national accounts or use microdata to build highly aggregated household types, we directly use individual data without aggregation (see Arntz et al., 2008 , for different aggregation levels of households). Moreover, the required data is derived using the fully sophisticated microsimulation model rather than simplified tax and transfer rules. The details of linking the two models are presented in the following section.
Linking the Models
The microsimulation model of Section 2 and the CGE model of Section 3 are linked to combine the advantages of both models. Firstly, the microsimulation model based on individual household data is used to calculate all those parameters which are required to run the CGE model. This comprises parameters given in Table 2 : 
Conclusion
In our contribution, we illustrate the development of the most up-to-date microsimulation The combined microsimulation-CGE model has also served the Council of Economic Experts (Sachverständigenrat, 2007) when evaluating the employment and labour supply effects of the introduction of a basic income proposal. This reform proposal includes dramatic changes for most households, while also influencing the wage setting and unemployment to a high degree. In both of these analysis, the distribution analysis gives valuable insights into the effects at the individual household level that cannot be analyzed using an aggregated CGE model. At the same time, feedback effects covered by the general equilibrium approach influence wages, incomes and the overall effects, which should necessarily be taken into account.
Although Guy Orcutt (1967) suggested to link models that operate at different levels of aggregation, attempts to do so have remained limited. The combination of Computable General Equilibrium models (CGE) and microsimulation models heralds a new era of computational modeling. Future research is set to face many black boxes and pitfalls.
Nevertheless, the combination of microsimulation models and general equilibrium analyses proves very promising, as it opens up new perspectives in economic analysis.
